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Abstract. In goat αS1-casein locus, 18 alleles with four different expression levels have been 
identified so far having a significant influence on milk protein, casein, fat contents, manufacturing 
properties and cheese yield. In Romania, unimproved Carpathian goat breed exhibits a high 
heterogeneity concerning milk quality. The goal of the present study was to investigate αS1-casein 
polymorphisms in some populations from the central part of Romania, in order to further establish the 
nature of milk protein content variation. Genotyping was carried out on 507 milk samples (belonging 
to 5 populations from Transylvania). Allele frequencies on the six loci coding for the major milk 
proteins were calculated.  
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INTRODUCTION 
 
In goat milk, among the six major milk proteins, αS1-casein  (αS1-CN) exhibits the 
most increased polymorphism, like in no other specie, 18 alleles with four expression levels 
being known so far: strong alleles: A, B, C producing 3.5g αS1-CN /l; intermediate alleles: E 
with 1.1g αS1-CN /l; weak alleles: F with 0.45g αS1-CN /l and null alleles characterized by 
the absence of αS1-CN in the milk of homozygous animals (Grosclaude et al., 1987; Martin et 
al., 2002; Ramunno et al., 2005; Cosenza, G. et al., 2007). AlphaS1-CN A and B alleles 
appear more frequently in goat breeds from Southern Italy (Sacchi et al., 2005; Cosenza et al., 
2007), F allele having a higher frequency in Northern Italian breeds (Sacchi et al., 2005).  E 
and F alleles are more frequent in French and Spanish breeds (Jordana et al., 1996; 
Grosclaude et al., 1997) and null allele in Norwegian breeds (Vegarud et al., 1999). In the 
other five loci several alleles were identified, but no such discrepancy concerning the alleles 
expression levels were observed.  
The effect of αS1-CN polymorphism on goat milk quality was studied in French breeds 
(Mahé et al., 1993; Manfredi et al., 1995; Delacroix et al., 1996; Ricordeau et al., 2000). 
These studies concluded that A allele has a significant positive effect on whole milk protein, 
casein, fat contents and manufacturing properties (increasing cheese making efficiency with 
up to 15%), in comparison with F allele, E allele having an intermediary effect between the 
previous two. The cheese obtained from AA genotypes had a less pronounced goat flavour in 
comparison with that obtained from FF genotypes, due to different fatty acid profiles 
(Delacroix et al., 1996). Similar results were obtained in Spanish breeds (Sánchez et al., 
1998), Italian breeds (Marletta et al., 2000), Norwegian breeds (Vegarud et al., 1999) and 
USA (Clark et al., 2000). 
In 1987 low expression alleles were predominant in French goat breeds (Grosclaude et 
al., 1987), having a negative influence on milk quality parameters and its manufacturing 
properties (Mahé et al., 1993). The benefits of combining information provided by this 
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genetic marker with traditionally breeding schemes appeared soon, the genetic progress 
recorded in France concerning goat milk quality, having a major impact on cheese production.  
In Romania from about 700.000 existing goat heads, 75% of population is represented 
by the unimproved Carpathian breed. The remainder of 25% is represented by White Banat 
breed, an improved breed with higher milk production (Neata et al., 2006). Unfortunately 
approximately 74.11% of the flocks are reared in small farms with less than 20 heads (Pascal, 
C., 2006; Pascal et al., 2006). 
Carpathian goat breed was never submitted to an intense breeding process, therefore 
there is a high heterogeneity concerning milk quality (fat 3.2-6.9% and protein 2.5-5%) and 
quantity (200-700l/lactation) (Balteanu, 2005). This variability represents a high breeding 
potential.  
Considering this, our goal is to investigate the polymorphism of the major milk 
proteins in Carpathian goat breed, in order to establish the nature of milk protein content 
variation (PN II Project no. 52104/2008).  
 
MATERIALS AND METHODS 
 
I. Milk samples collection. In the first phase, five goat populations from Transylvania 
were considered in this study (Tab. 1) 
 
Tab. 1 
The goat farms chosen from the central part of Romania and the number of collected milk samples 
 
Location/County Owner name Farm code Number of collected  
milk samples 
Mihesul de Campie/ Mures Nagy Csaba RO 1183890171 55  
Cojocna/Cluj  Lucaciu Florin RO 0573690496 125 
Dangau Mare/Cluj Vadan Emil RO 0574580034 132 
Copaceni/Cluj Crisan Vasile RO 0553390017 145 
Toplita/Harghita Voda Teodor Grigore RO 0836410861 50 
Total number of collected milk samples 507 
 
Milk samples collection was done individually directly from udder and no 
preservatives were added. Samples were stored during transportation at 40C and then frozen at 
-200C. 
II. Genotyping. Isoelectric focusing (IEF) of milk samples was done as described in 
details in our previous studies (Balteanu, 2005; Balteanu et al., 2007). IEF was carried out in 
4% ultrathin (0,5mm) polyacrylamide gels containing 8M urea and a mixture three 
ampholytes (GE Healthcare, Sweden): pH=2.5-5, pH=4.2-4.9, pH=5.0-7.0., in an Multiphor II 
Electrophoresis System (GE Healthcare, Sweden). After the run, the gels were stained with 
PhastGel Blue R (GE Healthcare, Sweden). The gels were then analyzed with a Molecular 
Imager Gel Doc XR System (BioRad Laboratories, Hercules, CA, USA). 
 
RESULTS AND DISCUSSION 
 
The analysed IEF profiles of individual milk samples, revealed in the six loci coding 
for the six major milk proteins the presence of some common genetic variants, but also of 
some rare alleles (Fig. 1). 
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Fig. 1. IEF electrophoretic profiles belonging to some individuals from Charpathian goat breed, evidencing the 
genotypes in the six studied loci. Note the different level of allele expression in αS1-CN locus. 
 
Following IEF profiles interpretation, alleles and genotypes frequencies in the 6 loci 
codifying for major milk proteins were calculated (Tab.2).  
Tab. 2 
Alleles and genotypes frequencies calculated in the loci coding for major milk proteins  
in the five studied populations from the central part of Romania 
 
 
In the αs1-CN locus the results indicate a 0.34 frequency of medium and low 
expression alleles (E and F), with possible major implications on goat milk quality, its 
manufacturing properties and cheese yield. These alleles were frequently indentified in 
heterozygous condition, together with high expression alleles. In the case of high expression 
alleles (A, B and C) the calculated frequency is 0.66.  
Even if the frequency of medium and low expression alleles is not as high as that 
observed in the ’90 in Saanen and French Alpine breeds, a 0.34 frequency represents a high 
breeding potential. Considering that in Romania there are about 700.000 goats and the 
frequency of medium and low expression allele in 34%, we can estimate that 238.000 
Locus Genotypes Genotypes frequencies Alleles frequencies 
AA 0,115 
AB 0,124 
AE 0,053 
AF 0,124 
A=0,27 
BB 0,238 
BE 0,062 
BF 0,062 
B=0,36 
CC 0,025 
AC 0,010 
C=0,03 
EE 0,080 
EF 0,017 
E=0,15 
αs1-CN 
FF 0,090 F=0,19 
β-CN AA 1 A=1 
AA 0,140 
AC 0,571 
A=0,42 αs2-CN 
CC 0,289 C=0,58 
K-CN AA 1 A=1 
α-LA AA 1 A=1 
β-LG AA 1 A=1 
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Carpathian goats are carriers of E and F alleles, with possible major negative implications on 
milk quality. 
In comparison with other European breeds, we observed in Carpathian goat 
populations genotyped from the central part of Romania pretty similar frequencies of high 
expression alleles (A and B) with some Italian breeds (Maltese, Jonica and Garganica). The 
frequencies are higher than those observed in French (in 1987), Norwegian or Spanish breeds 
(except for Palmera breed in which these alleles have a higher frequency than that observed in 
the genotyped Carpathian goat breed populations). The frequency of αS1-CN E allele was 
found to be much lower in Carpathian goat populations, in comparison with French, Spanish 
(except for Palmera), Italian (except for Maltese, Jonica, Garganica and Neapolitan) goat 
breeds. The frequency of αS1-CN F alleles is lower in Carpathian goat in comparison with 
French and Italian breeds, but higher in comparison with all Spanish breeds.  
In the β-CN locus one frequent IEF profile was identified, belonging to A or C alleles, 
which are not separable by IEF, due to the fact that both variants have the same isoelectric 
point.   
In the αs2-CN locus the frequency of C allele was higher in comparison with the 
frequency of A allele. The observed frequency of C allele was higher in Carpathian breed as 
compared with French, Spanish or Norwegian breeds.  
In the K-CN, α-LA and β-LG just one frequent IEF profile was observed in the 
majority of analysed individuals.  
 These results indicate that in Carpathian goat breed αs1-CN locus exhibits the most 
increased polymorphism, in the analysed populations. The influence of the αs1-CN 
polymorphism on milk quality and cheese making efficiency in currently under study (PN II, 
Project no. 52104/2008). 
 
CONCLUSIONS 
 
The present study was performed on 507 Carpathian goat individuals belonging to 5 
populations from the central part of Romania. Relatively high frequencies of αs1-CN medium 
and low expression alleles (0.34), can explain the variation in goat milk protein content 
(between 2,5-5%) of Carpathian goat milk. Due to heterogenety of each heard, the study of 
Carpathian goat populations is in progress, in order to establish the frequencies of αs1-CN 
alleles at national level. The results obtained are representing a valuable source of information 
about the alleles and genotypes frequencies in the six loci codifying for major milk proteins in 
this breed.   
Because on the European market there is a high deficit of goat dairy products and 
therefore there is no milk quota production limit, Romania has a big potential to satisfy these 
demands. One of the latest national norms, formulated by the Romanian National Agency for 
Livestock Improvement and Reproduction concerning this specie, is the improvement of milk 
quality and its manufacturing properties (Neata et al., 2006). These should be based on 
Carpathian goat genetic diversity preservation and consolidation because this breed very well 
adapted to local environment. Theses goals can be achieved only trough a good knowledge of 
milk protein polymorphisms in this breed. The study of these genotypes’ influences on 
Carpathian goat milk quality and its manufacturing properties is in progress; in order evaluate 
the possibility of using this genetic marker in national breeding programs.  
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